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SUMMARY

Datawereobtainedfortheviscositycorrectionsto coneprobesin
supersonicrarefiedairflowata nom5nalMachnuniberof4.Thetest
modelsconsistedofa setof sevengeometricallysimilar~“ semivertex-
anglecones.Additionalexperimentsweremadeto determineconesurface
pressuredistributionsandtheeffectsresultingfromthevariableorifice
sizeonthegeometricallysimilarmodels.Theresultsindicatethatthe
viscouseffectsarequitecmplexanddependnotonlyonthedistancek fromtheconevertexto thepressureorificebutalsoonthesizeofthe
pressureorificeandthelocationoftheorificewithrespectto the
shoulder. Pressuredistributionsnearthevertexwereco-ed withthe.
tangent-conesmdlinearizedtheories.Theexpertientalpressurecoef-
ficientswerehigherthanthelinearizedtheorybutconsiderablylower
thanthemoreexacttangent-conetheory.

Tablesarepresentedfor~“ semivertex-angleconesgiving
streamMachnumbersandstaticpressuresintermsoftheratio
andconesurfacepressuresovertherange1.10~M1~ 5.99.

INTRODUCTION

free-
of impact

Thedeterminationoftheflow
requirestwolocalmeasurementsif
chambertothetestsectionisnot
measurethe@pactpressureplt~

conditionsina supersonicwindtunnel
theexpansionfromthestagnation
isentropic.Oneprocedureisto
anda conepressurep2 at thesame

pointintheflow. Sincetheratio~lt~pl isgivenasa function
of Ml throughthenormal-shock-wavetheory,whiletheratio p2/pl
isgivenintermsof Ml by theTaylor-Maccollconical-flowrelations-
hips,twosimultaneousequaticmsareobtainedforthemknowns P1 and

.-

M~ intermsofthemeasuredquantitiespit’ - P~ whicharereadily
w solvedby useof existingtables.Detailsofthemethodandcalculated

resultsfor 1.1o~Ml <5.99 are presentedinappendixA andtableI. .—
.
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At thelowReymoldsnumberswhichobtaininrarefiedgasflowsthe
measuredimpactandconepressuresdepartfromtheiridealflowvalues.
Theviscouscorrectionswhichmustbe appliedtomeasuredimpactpres-

W

sureshavebeenthesubjectof severalrecenttheoreticalandexperimental
investigations(refs.1 through7). Theseinvestigationshave,among
otherthings,yieldedempiricalviscosity-correctionctivesforimpact
probesof severalshapesandhaveshownthatviscosityeffectsare
negligiblefordiameterReynoldsriumibersgreaterthanabout200. There
areavailableatpresent,however,feworno dataofa similarnatue
forconeprobes.

Thepurposeofthisreportistopresentviscosity-correctiondata
ata nominalMachnumberof4 foroneparticularfamilyofgeometrically

.

similarconeprobes.Theinvestigationsalsoincludedthedetermination
ofconesurfacepressuredistributionsandmeasurementsto obtainan
estimteoftheeffectofvariationinpressure-orificediameteronthe
measurementof conesurfacepressure.

ThisworkwasconductedattheUniversityofCaliforniaunderthe
sponsorshipandwiththefinancialassistanceoftheNationalAdvisory 4
CoxmuitteeforAeronauticsandwasundertheimmediatesupervisionof
ProfessorsR. G.Fol-somandS.A. SchaafoftheDepartmentofEngineering
atBerkeley. >—

a,b functionsof 0 (seeeq.(B~))
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P2 -PI

pressurecoefficient,
P#/2

Cp‘ pressurecoefficient,(PJP2i)-.+

D basedismeterof cone

d diameterofpressureorificesoncone

f(MIYe) fumctiondefinedbyequation(B19)

Ml
K similarityparameter,

D
z axiallengthofcone
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Machnumber

powerofReymoldsnumber

pressure

totalorstagnationpressurecorresponding
conditions

. 3

●

tofree-stream

stagnationpressurebehinda normalshockwave(asmeasured
by an impacttubeinfreestream)

differencebetweenmeasuredconesurfacepressuresndthat
valueobtainedby extrapolatingto zeropressure-orifice
diameter

gasconstant

Reynoldsnumber,ulx/vl

Reynoldsnumber,%+2

radiusof “effectivebody”(coneplusdisplacementthickness)

radiusofcone

cross-sectionalareaofeffectivebody

temperature,% abs

streamvelocity

distancemeasuredalongconesurfacefromvertex

specific-heatratio,1.400

boundary-layerdisplacementthickness

conesemivertexangle

coefficientofviscosity

kinematicviscosityof fluid

distmcemeasuredalongconecenterlinefromvertex

densityoffluid
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Subscripts:

1 free-streamconditions
w

2 conditionson conesurfaceoratboundary-layerseambehind —
conicalshockwave

e valueobtainedby extrapolationto zeropressure-orifice .—.-
diameter

i idealconditions,obtainedforinfiniteReynoldsnuder

s pertainingto conditionsat coneshoulder

t totalor stagnationconditions ;. .-

x pertainingtodistancemeasuredalongconesurfacefromvertex

APPARATUSANDPROCEDURE ‘>

WindTunnel”
u

Thetestswereconductedinan open-jet_Gontinuous-flowtypeof
windtunnel(no.3 windtunnel,ref.8)usingsupersonicnozzle8,with
a nominalMachnumberof4. Thenozzleisoftheaxisymmetrictypeand .
wasdesigndby methodsdescribedinreferences9 and10.

—
Thewind

tunnelisequippedwithan eight-facedrotaryprobeselector(ref.7)
whichallowedtheconsecutivetestingofsevenconemodelsandan impact
probe(usedfordeterminationoftheMachnumber)withoutopeningthe
tunneltotheatmosphere.

Models

Allconeswereof 5°semivertexangle..Threedifferenttypeswere
tested.ThetypeA coneswerepreliminarymodelsdesignedto obtain
surfacepressuredistributionsandconsistedofa setof14probesof
equalsize.EachconehadfourpressureorificesofO.01~-inchdiameter

—

spacedat 90°intervalsarounditscircumference,locatedatvarying
distancesfromthevertexas showninfigure1.

Thebasictestmodelsconsistedofa setofsevengeometrically
similarcones,designatedastypeB. Eachconehadfourpressureorifices
spacedat 90°arounditscircumferenceandlocatedatanaxialdistance
midwaybetweenthevertexandtheshoulder.

v
Thepressure-orificediameters
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werescaledup inthesamegeometricratioastheotherconedimensions;
* orificediametersrangedfrom0.020inchonthesmallestmodelto

0.100inchonthelargest.Thesemcxielssreshowninfigures2 and3.

A thirdsetofsevencones,desigatedastYPeC}wastested~ ~
attempttodetermineindependentlytheeffectswhichresultedfromthe
variationinorificediameteronthetypeB models.ThetypeC cones
hadcommondimensionsandaxiallocationsofthepressureorifices,but
hadpressure-orificedismetersrangingfrom0.020inchto O.1~ inch.
Spec~icationsforthetypeC conesaregiveninfigure4.

Allmodelswereleak-testedandoutgassedbeforebeingrun. Time
responsesofthevariousprobe-systemconfigurationsweremeasuredto
obtainthetimeintervalsnecessaryforpressureequilibrium.

PressureMeasurementInstrumentation

Thereferenceinstrumentforallpressuremeasurementswasa mercury
“d McLeodgage(ref.7)witha leastcountof 0.001inchofmercury.The

probableerrorinMcLeodreadingsconvertedtoabsolutepressureis
lessthan1 percent.However,onlyoneflowquantity,theReynolds

s number,isdependentontheabsolutePressure.Flowquantitieswhich
involveMachnumberaredeterminedby measurementsofpressureratios$
andtheappropriateindexofaccuracyoftheMcLecdgageforthistype
ofmeasurementistheprobableerrorinthemeasurementoftwonearly
equalpressures.Thiserrorwascalculatedtobe from0.12percentto
0.03percentoverthepressurerange35to @Clmicronsofmercury,the
largerpressurebeingtheupperlimitoftheinstrument.

BesidesitsuseforcalibrationpurposestheMcLecxigagewas
employedfordirectmeasurementsoftestchamberandnozzlewallpres-
suresandinsomecasesformeasurementsof conesurfacepressures.The
useoftheMcLeodgageforallpressuremeasurementswasprecludedby
rangeandtime-constantlimitations.

A precisionbutylphthalateoilmanometer(ref.l-l)wasusedfor
measurementsof impactandstagnationchariperpressures.Thismanometer
hada leastcountof0.001inchof oil,equivalentto approximately
2 micronsofmercury,andgavereadingswhichwerereproducibleto about “
one-halftheleastcount.Themanometerwascalibratedagainstthe
McLeodgageto avoidthedifficultiesintroducedby thedifferent
temperature- specific-gravitycorrectionsformercuryandthemanometer
oil.

* Conesurfacepressuresweremeasuredinmostcasesby meansofa
temperature-controlledthermistormanometer(WesternElectricthermistor
manometerD-176255)ina suitablebridgecircuitwithbridgeunbalance

* .
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measured.by a O-toa 10-millivoltBro~ Precisionpotentiometer.Zero
suppressionwasaccomplishedwitha O- to 10-voltpotentiometerin
serieswiththeBrowninstrument.

v—
Forthepressurerangeencountered

inthepresent”teststhe0.02-millivoltlea~tcountoftheBrown
potentiometercorrespondedto a pressureincrementofabout0.004micron.

I

Analysisofthecalibraticmdatayieldeda maximumprobableerrorof
about1 percentforpressuresmeasuredwiththethermistor.As a check
onthisestimatethetypeC conesweretestedat oneflowrateusing
boththethermistorandtheMcLecdgageforpressuremeasurements.
Discrepanciesinlevel--betweenthepairsofmeasurementswerelessthan
1 percent.

TunnelCalibration

Free-streamMachnumbersandstaticpressuresweredeterminedby
measurementsof impactad stagnation-chamberpressures;Ml iS found

‘rem plt’1% by useofnormal-shock-wavetables(ref.12). Inherent.—
inthismethodistheassumptionof isentropicflowbetweenthestagna- G
tionchamberandthetestregion,thatis,that P5tag= Pit” The —

validityofthisassumptionhasbeenborneo-utby extensivenozzle
evaluationtestswhicharereportedinreference10. Thesetestsshowed *

thatthejetcorewasadiabaticandshock-free,witha maximumvariation
of# percentintheimpactpressurewithinthetestcone.Measuredwall

2
tappressuresattheexitagreedwithinexperimentalerrorwithstatic“-
pressurescalculatedfrommeasuredvaluesof”pl-t‘Plt a.hdtheisentrapic-

flowassumption.Moreover,thedesignMachnumberwasalmostperfectly

(attainedatthedesignflowrate Mtheor= 4.00 and Meq = >.98).

Alldatapresentedinthisreportwereobtainedwiththeconemodels
locatedo“nthe,nozzleaxissothatthesurfacepressureorificescoincided
with..theexitplane--ofthenozzle,necessitatingdifferentlocationsof
theconevertices.Transversesmadewitha coneandan impacttubeshowed
thatwhereaxialMachrn.unbergradientswerep~esentthe-mostconsistent

—

resultswereobtainedwhenthenoseoftheimpacttubeandthecone
pressureorificeswereat thesameexiallocation.Someadditionaltests
madewithmodelsat off-axisanddifferentfiialpositionsarediscussed
inthesection“CalibrationData forGeometriGiLlySimilarCones(me B).”

Impact-pressuremeasurementsweremadewitha 0.300-inch-diameter
source-shapedimpactprobe,withviscositycorrectionsappliedas in
reference7.

—

*

w
.
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ConeSurfacePressure

RESULTS

Distributions(TypeA Models)

ThedataforthepreliminarytestsonthetypeA conesarepresented
intableII. Theresultsarepresentedgraphicallyinfigures5 and6.

Pp - P~i
Thepressurecoefficientisdefinedby ~’ = , withidealcone

p2i
pressuresobtainedfromtableI. Infigure6 ~’ hasbeendividedby
thefunctionf(Ml,O) definedby equation(B19)to.facilitatelater
comparisonswiththetheorypresentedinappendixB. TheReynolds
numberisbasedonfree-streamvelocityandkinematicviscosityandthe
distancealongtheconesurfacefromthevertex.

CalibrationDataforGeometricallySimilsrCones(TypeB Models)
4

Resultsforthegeometricallysimilarcones(typeB models)are
presentedintable111andareplottedinfigure7. Thepressurecoef-

9 ficient~’ isdefinedasbefore,andtheReynoldsnmber isbasedon
free-streamvelocityandviscosity.Pressurecoefficientsobtainedfor
thesmallestmodel(Bl)areincludedintableIII,buthavenotbeen
plottedinfigure7. Thereasonforthisisdiscussedinthesection
“CalibrationDatafor GeometricallySimilarCones(me B).”

OrificeSizeEffect

Theorifice-size-effectdatafor
tableIV andareplottedinfigure8.

(TypeC Cones)

thetypeC conesaretabulatedtn
Resultsarepresentedfornominal

Machnumbersof2 and4 (seethesection“Testsat OtherMachNumbers”).
Infigure8 thequantity&2 representsthedifferencebetweenthe
measuredconepressureandthevalueobtainedby extrapolationto zero
orificediameter.

TestsatOtherMachNumbers

Thetestprogramwasrepeatedusingnozzle6,whichisanaxisym-
metricnozzlewithnominalMachnumberof2 (1.95< Ml < 2.20;
158< U~V1< 763/inch).Thedataobtainedinthisnozzleforthe~ A

* andtypeB modelsexhibitedthesametrendsasthepreviousdataobtained
innozzle8. TheresultsatMachnumber2 wereregardedas only
qualitative,”however,becauseoftheWge ~cert~nty~ ~ch n~ber

s
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determination(about4 percent).ForthisreasononlythetypeC model
data,whicharerelativelyinsensitivetoerrorsinMachnumberdeter-
mination,arepresented.

DISCUSSION
.—

TypeA Models

Beforeproceedingtothediscussionofthecalibrationdataforthe
geometricallysimilarmodels,itwillbe helpfulto examinesomeofthe
resultsobtaindforconesmfacepressuredistributionswiththetypeA
models.

Thedistributionsof surfacepressuresshowninfigure5 arein
qualitativeagreementwithwhatmightbe expectedfora conewitha
thickboundarylayer,thesurfacepressurebeinghighestnearthevertex
andtrendingtowardtheidealpressurewithincreasingx. A decided
“shouldereffect”isapparentinallthesepressuredistributions,
evidencedby a decreaseinpressureontheconenearthejuncturebetween

1 Theextentofupstresmtheconesurfaceandthecylindricalafterbody.
influenceoftheshoulderexpansionappearstobe oftheorderofthree
to fivetimes 8s*, thecalculatedundisturbedboundary-layerdisplace-
mentthicknessattheshoulder.Thisresultmi@t be comparedwiththe
experimentsonshock-waveinteractionwithlaminarboundarylayerson-
flatplates.Ackeret,Feldman,andRott(ref.13)foundthatthedis-
turbancecausedby a 3° compressionwaveincidentona flat-plate~har
boundarylayerat Ml = 2 extendedupstreamsome50displacement
thicknesses.Similarordersofmagnitudewerefoundby Lee(ref.14)
on cylindricalbcdies.

%he breakinthedistributionsbetweenconesA7 andA8 isnot
shouldereffect,butcanbe tracedtotheprobableerrorsinthermistor
calibrationandflowdetermination,sincemodelsAl toA7 andA8 toA14
weretestedseparately.Thegreateramountofscatterinthedatafor
modelsA8 toA14isduetothefactthatthesepressuresweremeasured
withtheoilmanometer,whereasthepressuxesonmodelsAl toA7 were
measuredwiththethermistormanometer.Theoil.manometerhasa least
countofabout1 micronofmercury,as comparedwiththeO.O@+micron
leastcountofthethermistormanometer.Ho-w-ever,calibrationrepeatability
withtheoilmanometerwasslightlybetterthanthatwiththethermistor
manometer.Theabsolutepressurelevelindicatedby theoil-manometer
dataisprobablyslightlymorereliable,andthereforetheindicated
valuesof CP1=

(’2/%1)
- 1 obtainedformodelsAl toA7 atthelower

G

k

flowratesarepo~sibly& littlelow.
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CalibrationDatafor
*

Geometrically

.

SimilarCones(TypeB)

9

Thedataforthegeometricallysimilarcones(fig.7) exhibitthe
anticipatedgeneraltrendwithReynoldsnumiber.Thesepressurecoef-
ficientsaresomewhathigherthanthoseobtainedwiththetypeA cones
atthessneReynoldsnumbersbecauseofthehole-sizeeffectdiscussed
inthesection“OrificeSizeEffect.”An estimateofthemaximum
probableerrorin ~’ .p2/p2i- 1 canbe obtainedby applyingthe

l-percentmaximumprobableerrorin p2 to thedataoftableIII. For
thedatapresentedinfigure7,themaximumpfobableerrorin $’ is
approximatelyt5 percent.Thecorrespondingmaximumprobableerrorin
p2i is*1 percent.

Theresultsobtainedwiththesmallestcone(Bl)haveno~been
includedinfigure7. Thisprobegavepressurereadingswhichwere
consistentlyhighanddidnotcorrelatewithotherdataat thesame
valueof (Rex)l.Thesehigherpressuresmaybe dueinpsrttothermsl

d’ creepeffects.Themechanismofthermalcreepisdiscuss~inrefer-
ence15,whereit isshownthata temperatureina tubecontaininggas
atrestwillsetup a pressuregradientgivenby

d
2~=R

4 =— AT (1)
D%

where 4 and NT representthedifferenceinpressureandtemperature,
respectively,betweentheendsofthetube;R, thegasconstant;~,
theaveragesqusreoftheviscosityoverthetemperaturerange;D, the
internaldiameterofthetube;and ~, themeanpressureinthetube.

Theexistenceoftemperaturegradientsinthetubularafterbodyof
thetestmodelsisexplainedby thefactthattheconesurfacerecovery
factor2isabout0.83(ref.16),whereasa majorportionofthemcdel
support,whichconnectsto thedownstr~ endofthetube,isoutside
theJetandat stagnationtemperature.Becauseofcotiuctionthrough
themodelsupportthedownslxeamendofthetubeisat a temperature
somewherebetweentherecoverytemperature+ thestagnationtemperature.
Theactualtemperaturedifferencesmeasuredwiththermocouplesinstalled
onmcxlelB1wereapproximately25°F at a flowrateof 5.2poundsperhour
and40°F at a flowrateof20poundsperhour. Usingthesetemperature
differences,4 wascalculatedformodelB1 (internaldiameter,
O.O@ inch)-andfoundtobe about2 micronsofmercuryatbothflowrates.

.

%l?hisisthecorrectedrecmeryfactor.Theactualconeequilibrium.
temperaturewillbe somewhathigherbecauseofradiationandconduction
heating.
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Althoughthetrendisintherightdirection,thecalculatedpressure
differencesduetothermalcreeparenotlargeenoughtoexplaincom-
pletelythehighpressuresobtainedwithprobeB1.

An interestingfeatureexhibitedinthetypeB probedataisthe
pressure“bump”whichoccurredoneitherprobe~ orprobeB~. This
reversalinthevariationof ~’ with (Rex)lwasalsoobservedat

everyflowrateinnozzle6. At firstitwasbelievedthatthispres-
surereversalmightbe dueto eithera leakoram imperfectioninone
oftheprobes.Theprobeswereretestedfor”leaksande~ined under
a glassandwerefoundtobe satisfactory.Moreover,itwasobserved
thatat thehighestflowratesthebumpshiftedfromprobeBk toB5,
whichindicatedthattheeffectwasnotuniqueto oneprobe.Theprobes
werealsotestedat off-axisanddifferentaxialpositionstodetermine
whethertheobservedpressurereversalwascausedby tunnelgradients.
In everycasethesamecharacteristicreversalwasfound.3It is
believedthatthepressurereversalobservedonmodels@+ andB~ maybe
dueto theupstreamtransmissionoftheshoulderexpansionthroughthe
laminarboundarylayer,Thatis,thepressureorificesonthesmaller
modelsB2 andB3mightallhavebeenwithina zoneofreducedsurface
pressuresneartheshoulder.Thedistancefromtheshoulderto the
pressureorificesonmodelB5was0.906inch,whichisoftheorderof
themaximumexbentofupstreamitiluencenoticedonthetypeA probes.

Someadditionaltestsweremde todeterminehowmuchthedisturbance
producedby themodelsupportaffectedthe@asuredconepressures.A
modelwiththesameconedimensionsasB1butwithanafterbodyoneand
one-halftimesas longwastestedtogetherwithB1. Thedifferencein
pressuresonthesetwomodelswaswithintheprobableerrorofmeasure-
ment,anditwasconcludedthatsupportinterferencewasnegligible.

OrificeSizeEffect

Thedataplottedinfigure8 andtabulatedintableIV showan
increaseinmeasuredpressurewithorificediameter.Theeqpation

r

tl

—

—

w
—

G

.=

.-

(2)

3Theoff-axistestsalsoestablishedthefactthattheflowwas
sufficientlyuniformneartheaxis,sothatnoappreciableerrorwas
intrducedonthelargerprobesforwhichthepressuressensedatthe
orificescorrespondedtopointsintheflowwhichweresomedistance

——

off-axiswhentheprobeswereoncenterline.
.-

W
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where 42 isinmicronsofmercuryand d
. a crudeattemptto correlatethedatasm.dis

isininches,represents

presentedonlyasa

11

suggestionofthepossibledependenceof 42 on Ml. Someofthe

scatterinthedataisprobablydueto imperfectionsinthepressure
orifices.Thehole-sizecorrectionisappreciable;thepressurecoef-
ficient~’ forprobeB7 at thelowestflowratewouldbe decreased
by 32percentifeqmtion(2)wereusedto correctthemeastiedp2.

Itwasinterestingto notethatforapproximatelyconstantMach
rnmiber4

L
wasinsensitiveto changesin static-pressureleveland

henceto c ngesinmeanfreepathinthegas. Fromthisitmaybe
inferredthattheorificesizeeffectmightbe a “ram”effectandnot
a viscouseffectnora rarefactionphenomenonassociatedwithlarge
meanfreepath.

Theseresultson orificesizeserveonlyasa qualitativeindication
ofthetypeof correctionwhichwillhavetobe consideredinanytheory

d developedtopredictpressurecoefficientsforfamiliesofgeometrically
similar~tstaticprobes.”A muchmoredetailedexperimentalprogram,
includingtheeffectofvaryingd/x ratio,willbe necessarybefore

. thehole-sizecorrectionisknowntoanydegee ofprecision.

ComparisonWithTheoryforan InfiniteCone

f(Ml,O)
ThelinearizedtheoryofappendixB givestheresultCp’=

=;
where f(Ml>e)isa functionofthefree-stresnMachnumberandthe

semivertexangleoftheconeand (Rex)2istheReynoldsnumberbased
on conditionswhichobtainat theboundary-layerseam.Figure6 shows
a comparisonbetweenthistheoryandthetypeA conedata. Theagree-
mentisfairexceptinthevicinityoftheshoulder.In figure6 the

t hasbeenplottedagainst

~=ti%%~’e)

/r
1 (Rex)lrather

My a slightdifferenceis involvedinthisprocedure,

oftheorderof 1 percentor less,anddatareducedonthisbasisare
mucheasierto use.
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Figure9 showsa comparisonbetweenthe“tangent-cone“4methodand
thelinearizedtheoryforoneparticularflow. Theexperimentalpressure
coefficientsliebetweentheresultsofthetwotheories,beingsome
20percenthigherthanthelinearizedtheorybutlowerb a factorof2
thanthemoreexacttangent-conetheory. YEhret(ref.18 hasmadecom-
parisonsbetweenvariousapproxtitionmethcxlsandthemethcxiofchar-
acteristicsandhasshownthatthetangent-conemeth~ givesonly
slightlyhigherpressurecoefficientsthanthecharacteristicsmethd on

Ma tangent.ogivefor Ml
?

= 3 andthesimi~ityparameterK = ~ d = 1.

(Forthecaseshowninfig.9, K = 0.65 iftheconegeometryis
uncorrectedforboundary-layereffect,buthasthevalueK = 1.1 if
thecalculateddisplacementthicknessat theshoulderisaddedtothe
conedimensions.)Ehretfurthershowsthatpressurecoefficients
derivedfromlinearizedtheoryareappreciablylowerthantheexact
theorynearthevertexoftheconeandarehigherthantheexacttheory
farbackonthebcdy.

Thefactthatthelinearizedtheoryis inbetteragreementwith
experimentthanthetangent-coneapproximationisprobablyonlya
fortuitouscircumstance,sincetheboundary-layertheoryusedto
calculate5* cannotbe appliedwithconfidencebelowabout (Rex)2. 105

Thelargedisparitybetweenthelinearizedtheorysndthetangent-cone
approximation(whichshouldyieldbetterresultswerethecalculated5*
reasonablycloseto correct)couldmeanthatthemethodofcorrecting
theexternalflowfieldforviscositybytheadditionofa boundary-
layerdisplacementthicknessmaybe qualitativelycorrect,butnot
sufficientlypreciseforquantitativeuse. An alternativeexplanation,
oneforwhichthereisconsiderableexperimentalevidence,isthatthe
boundarylayernearthevertexisconsiderablythinnerthanthat
predictedby conventionalboundary-layertheory.Anyconclusionwith
respectto suchquestions,however,mustbe deferreduntiladditional
experimentalresultsareobtainedandmuchmorecarefulboundary-layer
calculationsincludingtheeffectsof slipandpressuregradientare
usedtoreplacethesimplifiedanalysisofappendixB.

he tangent-conemethod
forconesof semivertexangle
(coneplusboundarylayer)at
revolutionthismethd canbe
P.2.JPltorwiththevalueof

consistsinusingthepressurecoefficients
equaltotheangleofthecompositebody
variousstatioti.Forpointedbodiesof
employedeitherwithlocalvaluesof
p2tplt whichobtainsimmediatelybehind

M

—

. .

—

——

theconicalshock.Inthecaseathand,theboundary-layerslopeat x = O
isinfLnite;therefore,themethodusinglocalvaluesof p2t/% ‘s —
employed.Forthesamereasonthesecond-ordertheoryofVanDyke Q
(ref.17)couldnotbe employed.
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ExtrapolationMethodforDeterminationofIdealConePressure

Inpreviousreportsdealingwithviscouscorrectionsto impact
pressures(refs.1,2, and~)a techniquewasemployedwhereintheideal
@act pressurewasdeterminedlyextrapolatingthedatato infinite
Reynoldsnumber.At thestartofthepresentinvestigationitwashoped
thata similarmethodcouldbe usedtodeterminep2i, especiallyfor.
nozzle6 (nominalMachnumberof2) inwhichtheisentropic-flow
assumptionhasnotbeenwellsubstantiated.However,theerrorsinvolved
inthismethcdprovedtobe toogreat,anditwasnotemployed.It can
be seeninfigures5 and7 thatdeterminationof p2i by extrapolation

(i.e., x + ~)wouldbe mostuncertain,althoughthedatadoappearto
approacha valueof ~’ onlyslightlygreaterthanzero.

CONCLUDINGREMARKS

Theresultsobtainedwithgeometricallysimilarconesarepresented
as calibrationdataforthistypeof coneprobejnlow-densitysuper-
sonicflow. Thecorrectionsarequitecomplexinnature.Theextentof
upstreaminfluenceoftheshoulderexpansionbecomesimportsmtforsma~
coneprobes,whilethehole-sizeeffectbecomesappreciableforlarge
probes.Eachof theseeffectsrequiresfurtherinvestigation.

Experimentalpressuredistributionsnearthevertexofan infinite
coneareinqualitativeagreementwiththeoreticalresultsobtainedfrom
analysisof idealflowaroundthecompositebodyformedby theconeplus
boundary-layerdisplacementthiclmess.~erimentalpressurecoefficients
wereabout20percenthigherthanthelinearizedtheory,butlowerby a
factorof2 thanthemoreexacttangent-conetheory.

UniversityofCalifornia,
Berkeley,Calif.,June1, 1953.



14 NACATN 3219

APPENDIXA

DEl?ERMINATIONOFFREE-STREAMCONDITIONSTHROUGH

IMPACTANDCONXPRESSUREMEASUREMENTS

Determinationoftheflowconditionsina supersonicstream
requirestwolocalmeasurementsiftheflowisnotisentropic.One
methodistomeasurethe@act pressureplt~ anda conesurfacepres-
sure p2 atthesamepointintheflow.Thus,if Ml and PI, the

undisturbedfree-streamMachnumberandstaticpressure,areconsidered
as wiknowns,twoequationsareobtainedrelatingtheseunknownstothe
knownquantitiesplti’ and p2i (thesubscripti indicatingthat
themeasuredimpactandconepressureshave
effects).

TheRsmkine-Hugoniotnormal-shock-wave
result

y-l

beencorrectedforviscosity

theory(ref.12)givesthe

= .rd Y127Mf - (~ -117-1
PI ~7+0MI~ 1

Thefunctionontheright-handsideof
Ml = 5.00 inreference12;valuesfor
obtainedby directcomptiation.

7+1
J

equation(Al)
highervalues

A relationshipbetweentheidealconepressure

is
of

(Al)

tabulated~ to
Ml areeasily

unknownsMl and p~ isprovidedbytheTaylor-Macco’fitheory(ref.19)
whichgivesl?2i/Plasa functionof Ml and e,theconesemivertex
angle.TheTaylor-Maccollrelationshipscannotbewrittenin closedform,
however,andnumericalintegrationsarenecessarytoobtainsolutions.
TheseintegrationshavebeenperformedbyKopal(ref.20)fordifferent
valuesof Ml andforvariousvaluesof El.Forthepresentapplica-
tion Elwastakenequalto7°andfromtheKopaltablesa chartwascon-
structedgivingP2i/Plasa-continuousfunctionof Ml. Thesevalues
werecombinedwithequation(Al)toyielda uniquerelationshipbetween
Ml and Plti/p2ifora so semivertex-angleconeinsupersonicflowwith
attachedshockwave. Resultsfor.1.10~ Ml~ 5.99 arepresentedin
tableI.

●
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APPENDIXB

BOUNDARY-LAYEREFFECT!ONSURFACEPWS3URE

OFAN INFINITECONEm SUPERSONICFLOW5

ANALYSIS

Theconeconsideredisorientedparallelto the
intheundisturbedfreestream,itsaxisofsynmetry
anditsvertexattheorigin,as showninfigure10.
angleis e.

The linearizedsupersonicflowisconsideredto

directionofflow
inthe~-direction
Thesemivertex

takeplacearound
a bodyconsistingoftheconeplusthedisplacementthicknessofthe
boundag”layer.Theradiusofthisbodyis

r .~tane+a*sece (Bl)

Inreference22 itisshownthatthe
boundary-layerequationfora conecanbe
fora f4t plateandthat,inparticular,

integrationofthelaminar-
basedontheresultsobtained

t (B2)

where 5* iscalculatedfromthe‘ilocal”propertiesofthepotential
flowattheconesurface.Thiscalculation,undertheassumptionsthat
v isproportionalto T, thatthePrsmdtlnumberisunity,andthat
thespecific-heatratioofthegasisl.kOO,maybe obtainedfromref-
erence23. Theresultis

l/2
(5*)

plate ()
= 1.73(1+ o.27~2) & (B3)

5Theanalysiswhichfollowsistakenfromareportby Lin,Schaaf,
andSherman(ref.21). Thisreportdidnotreceivewidecirculation;
henceforconveniencethemajorportionisreproducedhere.
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wherethesubscript2 referstotheaforementionedlocalconditions
ontheconesurface.Forthecone x = ~ sec0, sothatthedisplace-
mentthicknessontheconeis

(v l/2
i5*=(1.+o.27-pf22) 2E~ece

Substitutingequation(B4)intoequation(Bl),

where

Thusthe

Let

a= tane

V2()
l/2

b = sec3/2fJ(l + o.277M2q~

cross-sectionalareaofthe“effectivebody’!is

p2 be thepressureatthe,surface

surfacepressurecoefficient~ as

(B4)

(B5) .

—

x

.

(B6)

oftheconeanddefinea

(B7) ‘“

wherethesubscript1 referstotheundisturbedfreestream.In
reference24thispressurecoefficientisrelatedtothebodygeometry
andthefree-stresmMachnumberMl by a first-ordersolutionofthe
linearizedequationsof supersonicflowabotituniformlycontinuous
bodiesofrevolution.Theresultis —

[(%=;~-1+1% )+r=sfl- ‘W+gsw$sv+
2~ 2

L

1

~4#i+ . ..-
(r’)2+ 0(r3)

E
(B8)
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●

whereprimesandRomannumeralsuperscriptsdenotedifferentiationwith
. respectto ~. It ispointedoutfurtherinreference24that,forthe

caseofan infiniteslenderbd.yofrevolution,therigorousfirst-order
linearizedsolutionis

Substitutinge&ations(B5)and(B6)intoequation(B9),

Forconesof smallangle,the
aremade,whereby

Then

Ey2

(B9)

(B1O)

approximationstane-e and Eme=fl

0“277%9 ($)1’2
1

I1 + 0.277M22

(BU)

}:
1e + 1+ 0.277M22

loge

w

(B1.2)

where @x)2 = WP2” Thisexpressionmaybe simplifiedbyexpanding
r

thelogarithmictermanddroppingalltermscontaining[(Rex)J-n)
n >~,2

sincetermsofthesehigherordersareneglectedinallboundary-

layertheory.Oneobtains

1
() [

~p = 262 loge ~ + ~e 10ge
($ -q 1 ;-:2

(B13)
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Toa consistentdegreeof
flow,M2 isrelatedto

%2
Notethatforvanishing
tion(B13)theresult

Forwind-tunnel

Fromtheperfect-gas
sound

approximationin
Ml and 8 by

M,21+ 62(1+2
‘L

the.lhearized

1logee)

NACATN3219

nonviscous

(B14)

viscosity,”(Rex)2+ CO,oneobtainsfranequa-

?

“

(B15)

P2
applicationsthequantity— - 1 isofinterest.

~2i
lawandthedefiningrelationforthespeedof

pup= ?2$ (B16)

Oneobtainsforthepressureratio

(B17)

and,substitutingfromequations(B13),(B14),and(B15)anddefininga
secondpressurecoefficient,

%’=% -1 =‘(M1’e)m
where

(B18)

?

(B19)
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Thequantityf(Ml,O) isplottedversusMl infigure11for 0 = 5°,
7.50, and 100.

DISCUSSION

Equation(B19)showsthattheviscousboundarylayeronthesurface— .-
ofan infiniteconeat zeroangleofattackina uniformsupersonic
streamcausesan increaseinthesurfacepressureonthecone. This
pressure@creaseisdependentonthedistancefromtheconevertex.

Roughlyspeaking,theactualsurfacepressurewilldifferappreci-
ably(sayby 1 percentormore)fromtheidealsurfacepressurewhen
thelocalReynoldsnmiberoftheflowattheboundary-layerseemisless

I
thanld, thedifferenceincreasinginproportionto1 ~~2 as

(Rex)z decreases.Forfree-streamMachnumbersgreaterthan2.5the
G theoreticallycalculatedpressurecoefficient~’ issensitiveto

variationsin Ml and e.

Thelimitationsoftheforegoinganalysisaresevereandshouldbe
recognizedin somedetail.By thenatureof itsbasicassumptions,
boundary-layertheoryisapplicableonlywhenviscouslayersarerea.
sonablythincompardwiththedistancefrom
ofthebody. It canbe shownfromequations

where r. istheradiusofthebcdywithout
l—

thevertex&d the
(Bl)and(~) that

and M2 = 4.,b*/ro- ~/~(Rex)2sothatfor 5* tobe

with r. (saylessthan15percentof ro)theReynolds
.

radius

For e = 5°
smallCompsred

number(Rex)2
mustbe greaterthan102. Consequently,theresultsofthepresent
analysisshouldbe numericallysignificantonlyintherangeofReynolds
nuxiberld < (Rex)2< 106 andserveonlyto indicatequalitativetrends
forlowervaluesof (Rex)2.Similarly,linearizedtheoryisbestwhen

restrictedtoveryslenderbodiesandmoderatelylowMachnumbers.

v SuchphysicalapproximationsastakingthePrandtlnumberas unity
and v proportionalto T arenotseriouswithrespectto theoretical
trends,butwillhaveconsiderableeffectonnumericalresults.

..
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3.64 14.10>

1.3955.58 27.29 1.48s
1.2434.29 18.39 1.3154.94 22.% 1.3975.59 27.36 1.487

5.65 L4.16 1.2444.X 18.45 1.3164.95 22.93 1.3985.&3 27.43 1.488
3.66 I-4.221.2454.31 18.52 1.3174.96 23.00 1.3995.61 27.yl 1.490
3.67 :.: .1.2464.32 18.59 1.3184.9-72J.g 1.4005.62 g .&7 1.kgl
3.68 1.2474.33 18.66 l.ym 4.g8
5.69 1.4:41

1.4CQ5.63 i.k~
1.248 4,34 18.72 1.3214.59

IA.47
23:21 1.4035.64 27:71

3.70 1.2494.35
1.49

18.79 1.3225.oi3
5.-n 1.4.54

zi.28 1,4055.65 2-f.771.495
1.2934.36 18.85 1.323

~.72 1.4.60
5.01 23.34 1.4cF55.66 27.% 1.497

1.2514.37 18.93 1.3255.02
14.66

23.41
3.73 1.2524.38

1.4085.67 27.91 1.k98
19.00 1.3265.03 23.48

3.74 14.72
1.44)95.68 27.98 1.y30

1,2534.39 lg.q
3.75 14.79

1.3275.dl =.55 1.41-05.69 28.05 1.502
1,2554.40 19.13 1.3285.05 23.62 1.4115.70

5.76
28.L? 1.503

14,85 1.2% 4.41 lg.lg 1.3295.06
5.77 14.91

23.69 1.4135.71 28.19
1.2574.42 19.26 1.3315.07

5.78 14.98
23.76 1.4145.72 28.26

l+a8 4.43
::3

19.33 1.3325.08 23.83
‘1.79

l.kfi5.73 28.33
15.04

1.5o8
L.2594.44 19J@ 1.3335.Og

5.i?o
23.90

15.10
1.4175.74 28.40

1.26Q4.45 19.47 1.3345.10 23.97 1.4185.75
5.81 15,16

28.47
1.2514.46

::E
19.54 1.3355.11 24,04 l.@o 5.76 28.53

5.82 15.23
1.512

1.2624.47 19.61 1.3375.12
5.83 J.5.29

24.u l.@l 5.77 28.&I
1,2634.48

1.513
19.68 1.3385.13 24.18- 1.4235.78

5.@! 15.36
28.67 1.515

1.2644.49 19.75 1.3395.14 24.25 1“.4245.79 28.74 1.516

;% p ::% ::? %: ::% ;:2 %$ HE; ;:2 ;;:E ;:?;
5.87 54>5 L268 4.52 19.95 1.3435.17 24.45
5.8a 5.62 1..2694.53 20.CE

1.4285.82 28.95 l.ym
1.3445.18 24.Y)2 1.4305.83 29.02 l.=

5.89 15.68 1.2704.54 20.@ 1.3455.19 24.s
J.w 1.5.74l.ql 4.55 20”.16

1.4315.84 29.09 1.*
1.3465.20 24.66 1.4325.85

15.80
29.16

J.gl
1.*Z

1.2724.5.523.23 1.3475.21 24.73 1.4345.%
}.%? 15.87

29.22 1,527
1.2734.57 2fJ.291.3495.22 24.& 1.4355.87 2J.Z

5.93 15.93
1.528

1.2744.58 g.g 1.3505.23 24.87
).94 1+5.oo l.~ 4.59

1.4375.Ea
1.3515.24

!.%
24.94

16,05
1.4385.89 29:43 ;:%!

1.2774.@ 20:50 1.3525.25 25.01 1.4395.SQ
!.96 16.13 1.2784.61

29.% 1,532
20.5-( 1.3535.26 25.07

~.9716,19
1.4415.91 g.~ 1.534

1.2794.62 20.64 25.14 1.4425.92
}.98 16.26 ;.XJI4.63

1.535
20.71 ;:%! ;:%

16.32
25,21

5.99 4.64
1.4435.93 29:71 1.536

20.78 1.3585.2g
16.44

a .28 1.4455.94 29.78
1:2814.65 20.85

1.538
k.oo 1.3595.30

16.51
25.35 1.4465.95 29.85 1.539

1.01 1.2a24.66 m.% 1.3605.31.25.42 1.4485.*
16.58

29.92
1.2& 4.67

1.541
}.a2 20.gg 1.3625.32 25.49 1,4495.97

16.64 1.2e54.68
29.s 1.542

1.03 21.06 1.3635.33 25.36
1.04 16.71 1.2% 4.69 21.13

1.4515.98 30.6 ;.g
1.3645.34 25.63 1.4525.99 3.V .

.

. .
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[N0z2J.a8]

rku,
Ib/iu- % ~, w% P*,!Jm P=, P i% ‘%’ :. *

f(lil,e)
L

5.2 3.70 50.6 SQ.3 63.2 OJ!’28 O.a O.ow
ii fis.~

L798
.365

A3 &.1
:YJ ICI&

A4 &.3 :XJ w

# 2::
:g%

M
.2W 1:% .@28

m.1 .189 l.p .CEf58

1.O.3 Al 3.W 74.2 Ii?f.1 9fl.2 .349 .2U
A2

.m 5.563

A3 2::
.523 d?%
.* %’ .0393

A4 U5.5 .226
A5

.% .0352
U2.7 -1%

A6
.73 ;@&.178“1.W

AT %; .ly5 ~.% .ceo3

1.4.8 Al 3-95 93.4 151.3 W.5 .23
A2 148.2

5.W
:2% .YJ :%%

142.o
2

.=9 .40 .-
138.6 .200

A5
.50 .W9

135.4 .lm
A6

.73 .W3
133.0 .l% I.m .021g

A7 Im.k .E9 1.50 .Olm

20 N 4.07 U1.k 191.0 143.5
A2

.331 .2Q .0420 6.38.I
l&3.7 .x

13
.0343

leJ.3 :%
&-

:%7
174.7 .217 :%

A5 lTL.O .192
ti

.73 .0217
167.7 1.C4

AT
.0188

163.a % 1.73 .Olm

26 4.13 134-3 229.3 1*.1 .317 .W72 6.683

~
%%

.303

.253 % :s
21L.2 .53 .ce35
207.2 -w

M5
.0192

3:2
.Z68 d? .OM

AT .mo 1.% .O@

5.2 A8 3.68 fi.1 73.8 63.7 .1s8 1.94 J=% k.m
A9 75.8 .158 2.42’ .0a2
Am -(J-.9 .128 2.94 .Cw2
m X28 3.2+3 .0182

%;M.2 .U2 awl
67.9 .& ;% .0178

% *.1 -.073 --- .--.-

10.3 A8 3.91 m.o 1o7.2 5=.9 .KJ4 1.94 .Cw8 5.6TL
A9 M7.2 -m 2Ji2 .O1.6Q

.133 2.* .o145
g:;Au .U2 3.28 :&fl

AJ.2 W3.3 3.32
U3 9?.4 :%
AM

3.41 .0135
83.6 -Jm -— -—

L4.8 ha 3.* &3.2 IJ.4.l .IJJ. 1.94 .015?
A9 z::

5-%2
.094 2.42 .Ol&o

E2.9 .077 .0=7
Nl .Ua ;:2 .0=

s:; .& 3.32 .012U
U3 UT.O .025 3.41 .Co18
AM 1o1.3 -.IM — ——

20 A8 4.05 u3.2 162.2 ti>.’r .U3 1.94 .0u3 6.505
@ VS’.3 .093 ‘2.42 .0121

2.% .Ouo
%:; :%All 3.28 .OJ.04

Au 153.3 3.32 .0w3
U3 lw.5 -% 3.41 .Olce
Au =5.7 -.137 — ——-

2% A8 *.13 1*.8 192.8 1*.7 .I.04 1.94 .Ollg 6.670
A9 uO.8 .* 2.42 .Olq

ti7.8 2.94
All M3.9 :% ;% :%
Au lag .COgl
A13 in.1 -:%
AM

3:41 .ms’o
149.4 -J69 -– —-

%nemnfnce pre.uzw. .mxtelsA8k. AU mea6urIMwithoil—ter.
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v

TABLEIII

P~SURE COEFFICIENTSFORGKMETRICALLYSIMILARCONES(TYPEB) *

[Nozzle81
L

?1OW,
Lb/h

1i-l(Rex)~
Cp‘ Re@n. ‘&.Kodel

).350
.322
.270
.271
.288

917.6 0.361
.453
.626
.717
.*

1.167
1.792

B1
B2
B3
&
B5
B6
B7

B1
B2
B3
B4
BP
B6
B7

B1
B2
B3
B4

z
B7

B1
B2

z

3
B7

B1
B2
E3
B4
B~
B6
B7

3.65

3.91

3.97

4.05

4.12

~o.o

72.4

8!3.4

114.2

136.3

95.5
84.2
80.8
8U.9
82.0
78.8
74.6

132.6
121.3
u7.8
118.I
u.8.5
116.3
112.o

159.6
146.9
142.5
143.0
142.4
140.7
135.5

195.8
183.3
178.6
178.9
177.0
175.9
169.I

230.9
219.3
213.5
214.1
21J.3
210,7
203.7

63.7

92.0

113.1

147.0

176.5

o.~~
.0490
.0417
.0390
.0347
.0306
.0247

.oJu.8

.0373

.0317

.0296

.0264

5.2

10.:

14.(

20

26

.239
,171

.441

.318

.280

.283

.288

.264

.217

1,590

2,&5

.361

.453

.626

.717

.906
1.167 .0232

.0187

.0368

.0329

.0280

.0261

.0232

.0205

.0165

.411

.299

.26a

.264

.361

.453

.626

.717
●906.259

.244

.198
1.167
1.792

.332

.247

.215

.217

.204

2,831 .361
.453
.626
.717
.905

1.167
1.792

.0313I

.02Tf3

.0238

.0222

..0197

.0174

.0140
.l$q
.150

.027t

.0248

.02JJ
●0197
.01”/5
.0155
.0125

m; 3,591 .361
.453

.210 .626

.213 .717

.197 .W
,194 1.167
,154 1.792



NACATN 3219 27

TABLEIv

ORIFICESIZEEFFECT(TYPEC MODEU3)

Flow, Model
‘2e

lb/ti ‘1 Re/in. ~ Pa> v m (extrapolated42, p Hg. to a= 0)> v%

NOZZk6

5.2

10.3

lp.~

20

26

c1
C2
C3
C4
C5
C6
C7

cl
C2
C3
C4
C5
C6
C7

cl
C2
C3
C4
C5
c%
C7

c1
C2
C3
C4
C5
C6
C!7

c1
C2
C3
C4
C5
C6
C7

1.9’3

2.07

2.U?

2.15

2.17

157.8

290.0

418.6

514.4

665.2

0.020
.040
.060
.080
.100
●lq
.150

.020

.040

.060

.080

.lco

.125

.150

.020

%
.080
.103
.K!5
.150

.020

.040

.060

.080
●100
.I-25
.lx

,020
.040
.ca
.080
.100
.12~
.Ipo

66.8
66.3
66.1
66.7
66.9
67.3
69.5

101.6
102.6
102.5
102.8
103.7
103.2
105.2

133.8
134.7
134.8
135.1
136.4
136.0
137.7

159.9
If50.1
160.0
160.5
159.6
161.I
163.7

198.1
200.3
198.4
199.0
200.2
lgg.8
201.9

65.6

101.2

133.7

158.6

197.3

1.2

:;
1.1
2.3
1.7
3*9

.4
1.4
1.3
1.6
2.5

:::

.1
1.0
1.1
1.4
2.7

n

.8
3.0
1.1
1.7
2.9
2.5
4.6

.8
3.0
1.1
1.7
2.9

::2
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“

Flow, Model Ml
lb/hr

30

5.2

10.3

14.8

20

cl
C2
C3
C4
C5
C6
C7

c1
C2
C3
C4
C5
C6
C7

c1
C2
C3
C4
C5
C6
C7

cl
C2
C3
C4
C5
C6
C7

cl
C2
C3
C4
C5
C6
C7

TABLEIV.- Concluded

ORIFICESIZEEFFECT(TYPEC MODELS)

Re/in.
‘2e

(extrapolated42, ~ %
to d= o), l.lHg

Nozzle6 - Concluded

2.20 762.5

3.69

3.90

3.96

4.02

914

1,612

2,101

2,&a

0.020
.040
.060
. 08Q
.100
.125
.l~o

222.9
224.2
22k.2
224.7
226.4
225.3
226.9

222.4

Nozzle8

().020

:20
.080
.100
●=5
.150

.020

.040

.060

.080

.100

.I-25

.150

.020

.040

.060

.080

.100

.125

.l%

.020

.040

.060

.080

.100

.125

.150

72.8
74.0
74.0
75.0
76.1
75.2
77.9

106.9
109.5
108.5
109.5
110.8
109.5
112.O

1.28.3
129.7
M9.6
130●9
132.0
130.6
132.6

“158.1
159,9
159.8
161.4
162.6
160.9
162.8

72.3

lC%.4

127.9

178.1“

0.5
1.8
1.8
2.3
4.0

::;

0.5
1.7
1.7
2.7
3.8
2.9
5.6

3:?
2.1

?::
3.1
5.6

.4
1.8

;::
4.1
2.7
4.7

0
1.8

;:;
4.5
2.8
4.7

.

.

.

.



(ALL DISTANCES MEASURED
FROM APEX EXCEPT A 14)

MODEL X,h
Al 0.20
A2 ,30
A3 .40
A4 .50
A5 ,75
A6 1.00
A? 1.50

1.94
:; 2.44
AIO 2.94
All 3.27
A 12 3.34
A,13 3.42
A 14 .30 (FROM

SHOULDER)

Figure1.- Specificationsfor typeAmdelJs. lk coneswith O.&K)-inch *
basediameter.Eachconehad fourpremure orificesof 0.017-inch
diemter spacedat 90°intervals around circumference. Cylindrical

afterlmd.y ~ inches long.



r ●

VI
o

d= O.160 XD

MODEL

01
02
B3
B4
85
06
07

I),in.

0.125
.158
.218
.250
.316
.407
-625

Figure 2.- Specificatlona for type B model-a.Sevencones,eachuith
fourpressureorificesspacedat 90°intervalsaroundcircumference.
Cylindrical afterbcdy k inches long.
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i

MODE L

cl
C2
C3
C4
C5
C6
C7

d, in.

0.020
.040
.060
.080
.100
.125
. I 50.

Figure4.-Specifications for type C mcdels. Sevencones,eachof
dimensionsshownandwith fourpressureorifices spaced at 90°intervals
aromi circumference. Cylindrical afterbm3y ~ inches long.

, .#
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Figure5.-Conemrface pressuze
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distributions. Type A models. ~OZZk 8;
< Ml<4-13.
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.

.1(

.Oc

.06

\
-a
o .04

.02

0
G .U-z .U4 .06

Figure6.- Comparisonbetweentheoryandexperiment.l&peA models.
Nozzle8;3.7o<M~< 4.13.
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4

.60

.50

.40
i

.-
~n~ 30

-Q
c)

.2a

Jo

o
0

0 5.2 LB/HR

~ 10.3

v 14.8

● 20

n 26 9
9 ●_ ~

A A

*
v

0

/
/

,/

.01 .02 .03

I/W

F@ure 7.-Pressurecoefflcien-ts for

moaeb). Nozzle 8;

.04 .05 .06

geometricallysimilarcones(typeB
3.@ <Ml <4.U.
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4.C

3.C

%’

1.0

0

● 1.95< Ml< 2.20 NOZZLE6

0 3.69 < Ml < 4.02 NOZZLE8

tB

19

● ?

o
0

t
o

● ●

● o

● 9
●

●
●

● 4I
●

● +

w
o .05 .10 .15

d, ORIFICEDIAMETER,IN.

Figure8.- Orificesizeeffect.me C models. c
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.80

.60

.20

0
0 .5 1.0 1.5

x, in.

Figure9.- Conrpsrisonbetweentmgent-cone snd linemized theories.
Nozzle8; Ml = 3.70; Rel/inch= 929.
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.

Figure10.- Conegeometry.
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Figurel_l.-Effectof boundsrylqw

.
So?llc flow.Linearized tkoqy;

on cone surface pressure in
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